This paper analyzes the status quo and tendency of the affordance theory in Information System literature, which can help us understand the relationship between technologies, users and organizations. This would pose a significant value on the related organizational changes and the use of social media. Based on the data from top journals, we reviewed 111 papers from Information Systems, Organization Studies and Management literatures on affordances according to the method of bibliometrics. From the analysis, we know that although the Information System discipline was a relatively late adopter, there is a large space to explore affordances in IS context. Based on the theoretical framework of affordances existence, perception, actualization and effects, we review the primary researches on affordances in IS discipline. In conclusion, IS scholars should focus on the affordance actualization, consider social affordances alongside technological affordances and improve our understanding of IT/IS-related organizational change and social media use in complicated social process.
Introduction
Technology is closely connected with organization, affecting the structure of the organization and the direction of organizational development. The social cognition of the role of IS/IT has shifted from "production paradox" to "the greater investment of IS/IT, the better organization's overall performance". The theory of affordances, which was defined as "the possibilities for action", pioneered by the American ecological physiologist James J. Gibson [1] , has attracted the attention of a large number of scholars in the fields of psychology, human-computer interaction and design. Recently, the affordance theory has gained large popularity among IS scholars in order to bring materiality back into our understanding of organizations [2] . These researchers are dedicated to studying the relationship and interactions between technical artifacts and organizations and to exploring how the physical properties of a tool or a technology provide different modes of interaction [3] [4] [5] [6] [7] . The affordance lens can help us understand the relationship between technology and the human actor. Researchers claim that affordances hold promise for a relational middle ground between technological determinism and social constructivism. In other words, affordance does not determine how people will use a technology, while at the same time technology's potential uses are not fully open-ended due to its materiality [8] .
Although the Information System community was a relatively late adopter, there is a large space to explore affordances in IS context. The affordances concept has been used in the related organizational changes [4] [5] [7] and social media use [9] .
This research could help us understand the status quo and tendency of the affordance theory in Information System literature. Since the definition and principles of affordances have enriched during the development, this paper integrates it so as to help us better understand the relationship between technologies, users and organizations. This would pose a significant value on the related organizational changes and the use of social media. The limitations of our review are as follows: 1) due to the large amount of relevant literature, we cannot summarize all the papers published, so, we just review the classic literatures of the top journals; 2) our review is mainly on technological affordances and ignores socialized affordances which are of great significance in future research.
In the next section, according to the methods of bibliometrics, we reviewed 111 articles from top journals in IS to understand the research status quo and tendency of the affordance theory in IS discipline. Then we formalize the concept of affordances as well as its origins and development. Subsequently, we draw on the theoretical framework of affordances in IS discipline from Pozzi et al. (2014) [10], which synthesizes our review and findings. Finally, we come to the conclusions of the review and offer the implications for future research and practice.
Data Sources
We limit the scope of our research to the field of information systems, organizational research and management. We selected papers with the key word "affordance(s)" published in the top journals such as MIS Quarterly, Journal of Information Technology and Organization Science as the source of our research. Until the first half of 2017, a total of 111 articles were obtained as academic samples for the study after deletion of non-related articles (see Table 1 ).
Research Method

Bibliometrics
Bibliometrics is a quantitative analysis method, which takes all kinds of external characteristics of scientific literature as the research object and uses mathematical and statistical methods to describe, evaluate and predict the status quo and development trend of science and technology [11] . Researchers can use the thought of information philosophy, emphasizing the comprehensive application of bibliometrics and content analysis, so as to support the realization of transformation of data-information-knowledge-wisdom chain effectively. Using bibliometrics to study the geographical, periodical and institutional distribution of articles and finding the highly cited references can reveal the quantitative characteristics and variations of articles [12] .
Distributions According to Years
Changes in the number of articles over time is one of the significant implications to measure the development trend of affordance theory in IS discipline (see Figure 1) . Although the number of articles fluctuates during 12 years, the figure shows an upward trend with the maximum 23 in 2016. The IS discipline was a relatively late adopter compared to psychology or design due to the starting point 2005 but affordance theory has gradually received IS researchers' attention.
From the stage of development, most literatures paid more attention to affordance existence and perception before 2013. Subsequently, IS scholars shifted the focus from affordance perception to actualization. After a certain period of bottleneck, the number of papers began to rise. From the figure, we can see the slope of each rising period is greater than or equal to the absolute value of the slope of the falling period, indicating that the development of each stage is firstly quantitatively expanded and then further developed to the depth to promote the continuous development of the research.
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Distributions of Cited Citations
The level of citations of academic papers reflects their influence and scope. We times, from which we can see their significant influences.
Origins and Development of Affordance Theory
The concept of affordances originates from the American ecological psychologist [13] for animals in relation to the properties of a given environment. As he said in his book, "objects are composed of their qualities… color, texture, composition, size shape and features of shape, mass, elasticity, rigidity, and mobility… actual properties of the thing, primarily those fundamental properties that determine just how the thing could possibly be used" [17] . In his opinion, users are important because they can perceive and understand the affordances of a design while they cannot create them because affordances are "designed-in" properties of objects, created by the designer intentionally. He distinguished affordances from perceived affordances and actual affordances. According to Norman, users are more concerned with the effect produced by the perceived affordances than actual affordances. Thus, a good design should make users easily perceive the designed affordances in case of any possible misunderstandings [2] [17]. Norman gave a door handle example that in our cognition, a thin and vertical door handle affords pulling, while a flat and horizontal door handle is used to push.
However, a symmetrical door handle seems both can be used to pull or push the door, which is a bad design that can be misinterpreted or even unusable since the function (or the affordance) does not match the perception of users. Norman considers that affordances depend on users' abilities of action and their use background, while Gibson holds the opinion that "affordances do not change across different contexts of use" [6] , which shows differences between them.
Hutchby is one of the first authors to apply the theory of affordances from the environment to technologies, considering affordances as the relationship between IT artifacts, people and organizations. According to Hutchby, affordances are not "exclusively properties of people or of artifacts" [16] , they are embedded in relationships between users and the physical properties of artifacts with which they interact. Based on different goals and needs, people can achieve multiple outcomes through the perception of technologies and the use of materiality of artifacts. The relational thinking of Hutchby towards affordances holds a middle
ground for the polarization of social constructivism (technology is a whiteboard that is only given meaning and structure through people's interpretations) and technological determinism (people's behaviors are determined by technology) [4] . That is to say, the existence of affordances is objective, it does not rely on the meaning and interpretation given by human beings while people are subjective, perceiving and actualizing affordances according to their own goals so as to produce different effects. It coincides with Boudreau and Robey's perspective that "technology is enacted from an evolving human agency, but may also constrain that agency" [18] . Affordances emerge from the relations between agencies and artifacts, reflecting the possibilities of action caused by the artifacts and related to the goals and capacities of actors.
Most of traditional viewpoints hold that technology is subjectively perceived as an objective result, and under the guidance of such a viewpoint, we can see many technical analyses fall into a dichotomy. As a result, People are either addicted to various transcendental philosophical conjectures about human consciousness or are trapped in trivial analysis of "things". Affordances provide a perspective of relational research that goes beyond the dichotomy between subject and object, which is not the individual part and individual phenomenon of things, but the relationship between things, which is to put things into an objective relationship so as to make the research object present a more comprehensive structure.
The definition and concept of affordances have been greatly refined and expanded through development. It is important to refine it further in order to successfully apply it to IS discipline, which focuses on filling the research gap between the theory of affordances and IS. Typical literatures on affordances in IS discipline have described that affordances are "possibilities for goal-oriented action afforded to specified user groups by technical objects" [3] , emerging from the intersection (i.e. relationship) of IT artifacts and organizational features [4] .
Some scholars think that affordances need to be "triggered" [5] or "actualized" [19] by actors in order to achieve different outcomes and effects since affordances only refer to possibilities for action. IS scholars hold different opinions on whether affordances need to be perceived by actors just like literatures presented in ecological psychology. In next section, we draw on the theoretical framework of affordances in IS discipline from Pozzi et al. (2014) work [10] , which synthesizes our review and findings.
Theoretical Framework of Affordances in IS Discipline
Pozzi et al. organized the evolution of affordance theory in IS discipline and put forward the theoretical framework that was adapted from the model of affordance perception and actualization, originated from Bernhard et al. showing that the organization adopt the potentials for action which they perceive and actualize the IT affordances in support of organizational goals. Finally, this behavior will produce immediate concrete outcomes (i.e., effects in the long term).
Affordance Existence
It is a cognitive process [20] where users realize that there may be some potential for actions when they interact with objects. Affordances exist where IT artifact interacts with organization in IS space and are independent of people's perception. As can be seen from the arrow between IT artifact and organization, affordances are relational [4] [16]. They are not exclusively properties of the organization or of the IT artifact but the relationship and the result of the dynamic interaction between the two. Markus & Silver (2008) are the first to propose the concept of functional affordances, defined as "the possibilities for goal-oriented action afforded to specified user groups by technical objects" [3] . This definition of functional affordances fully indicates the close relations between IT artifacts and users, and the relations are bi-directional. For example, a group decision support system is designed to adopt anonymous voting to find a solution that satisfies everyone for groups that want to reach agreement on decisions. However, it is difficult to achieve a consensus for a group under authoritarian leadership as it limits the opportunity of expression of different views. From the definition of functional affordances, we know affordances are related to actors' goals. Affordances which are consistent with our goals are of great significance to us and more likely to work, while those opposite to our goals are meaningless to us and may be ignored [15] . These analyses help us better understand how actors behave based on specific affordances and are meaningful for researches on applications of technologies.
An affordance is often seen as an enabler of action, but throughout the review, there is a set of notions of affordances and constraints, and some researchers think that affordances should include both the properties of enabling and constraining [5] [6] [7] . In the field of IS research, the set of matching concepts of affordances has a strong explanatory power because in the use of technology, there will inevitably enabling and constraining the possibility to act simultaneously. For example, firewall technology affords users behind firewalls the enabling affordance of security while at the same time providing constraining affordance of preventing unauthorized access by potential outsiders. This example shows that the organization recognizes and looks forward to the set of affordances in the implementation of firewall technology. However, the set of affordances might not be acceptable to the organization and would produce undesirable effects. For instance, the organization will choose to implement the ERP system so as to unify the business processes of the whole company. However, individual departments are greatly constrained in their ability in order to adapt to business process and standard, unified data flow system in operation. The example shows that the efficiency of individual departments will be greatly reduced in order to improve the efficiency of the entire organization. So it is very important for implementing information systems in specific environment to correctly understand the enable and constraint of affordances.
Affordance Perception
The perception of affordances is a process of recognition [21] of the affordance existence, which is influenced by the information that actors perceive about affordances. The symbolic expression of objects, defined as "the communicative possibilities of a technical object for a specified user group" [3] , put forward by Markus & Silver (2008) , is one of the information that actors perceive and to make sure whether the affordance exists or not. The interface of an interactive software provides "message from designers to users about how users must interact with the system in order to achieve a certain range of goals and experience" [3] . The message (i.e., information) is not just limited to the interface itself, but may also come from other technical artifacts. Similarly, the information provided by the interface includes not only those that help users interact with IT artifacts, but also those are related to goals or values of designers or users [3] . That is to say, affordance perception is influenced by features of IT artifacts, which originate from intentions by designers, and by actors' capabilities and goal. The process of perception of affordances also fully demonstrates the relational prop-
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erty between IT artifacts and users.
Perceived affordances are different from affordances existence. When users perceive a part of existing affordances, the perceived affordances are a subset of existing affordances, while they can also be completely different sets when actors perceive wrong affordances because of lack of capacities or wrong understandings of the characteristics of objects.
The well-known designer, Gaver, held the opinion that affordances and perceptual information are two different concepts, the former is the possibilities of real actions and the latter is the messages of actions perceived by people [22] . In order to make the affordances of designs more perceptual in HCI, Gaver (1996) identified four categories of affordances based on affordances and existence of perceptual information: perceptible affordance (affordance and its information exist together), false affordance (information that users perceive belongs to an affordance that does not exist), hidden affordance (information of affordance does not exist and users need to recognize affordance by other means) and correctly rejected (both affordance and its information do not exist so users cannot perceive) [22] . The applications of affordances and perceptual information on design technologies emphasize the importance of creating perceived affordances.
Although prior studies have shown the significance of affordances perception, scholars such as Volkoff & Strong hold different opinions. Based on the principles of critical realism, they think affordances as generative mechanisms, rooted in real domain, do not need to be perceived [5] . They emphasize the importance of the process of affordances actualization.
Affordance Actualization
Recently more and more researchers have shown interest in affordance actualization process [5] As is discussed before, Volkoff and Strong introduced IS affordances into the research perspective of generative mechanisms to understand the IT/IS-associated organizational change. They claim that affordances, as generative mechanisms, rooted in the "real" domain, do not need to be perceived [5] . According to the core principles of critical realism, they argue that affordances "arise in the real domain from the relation between the complex assemblages of organizations and IT artifacts", and are "actualized over time by organizational actors and lead to various effects we observe in the empirical domain" [5] . Combing the theory of affordances and critical realism to explain the difficulties faced by organization It is Strong et al. who defined the concept of actualization clearly that it is "the actions taken by actors as they take advantage of one or more affordances through their use of technology to achieve immediate concrete outcomes in support of organizational goals" [19] . Actualization is a goal-oriented and iterative process [6] [7] [19] . The process of affordances actualization is presented in Figure 4 . From the figure, we can know that goal-oriented actors interact with IT artifacts and take actions to actualize affordances to achieve immediate concrete outcomes in support of their goals, and these outcomes, in turn, provide feedback to adjust actions and those related to the actualized affordances [19] .
The process of actualization of affordances was seen as an "individual journey". As is mentioned above, one of the research gaps that apply the affordance theory to IS discipline is understanding the differences between "individual level journey" and "organizational level journey". Based on the concept of collective constructs and the analysis of grounded theory of EHR system implementation, Strong et al. introduced the concept of actualization at an organizational level, seen as "the aggregation of many actors' actualization processes at an individual-level" [19] . Through the three methods, i.e. the "consistency", "extent", and "alignment" of individual actualization actions they proposed, "individual level journeys" can contribute to the "organizational level journey" and thus support organizational goals and lead to organizational level outcomes.
Affordance Effect
Through the process of affordances actualization, actors can achieve multiple effects observed in the "empirical" domain, according to the theory of critical realism. These effects are also called "immediate concrete outcome" [13] [19] in the 
Organizational context
External factors
External factors short term. An immediate concrete outcome refers to the result that can help us support the primary goals of organization. For example, an organization wants to improve the efficient use of resources (the primary organizational goals), it will install information systems like ERP in order to achieve this goal. Through the interaction between the organization and the IS, organizational members take actions to actualize the IS/IT affordances and achieve some immediate concrete outcomes such as standardization and coordination which can lead to the efficient use of resources i.e. effects in the long term. The concept of immediate concrete outcomes can help organizational members assess whether the process of actualizing affordances makes sense in achieving organizational goals [19] .
As we mentioned above, some scholars in IS define affordances as "generative mechanism" [5] [13], which was described earlier as "one of the processes in a concrete system that makes it what it is" [24] . In the example of implementing ERP, the IS affordances refer to the potential for standardization and coordination, and the immediate outcomes are standardized business process and coordinated work environment. The concrete outcomes connect IT/IS affordances with organizational goals and make the information system what it is. Table 2 shows the primary researches on IS/IT affordances and on what part of the theoretical framework they focused.
Synthesis of the Literature Review
Conclusions
We reviewed 111 articles from top journals in the field of information systems, organizational research and management to understand the research status quo and tendency of the affordance theory in IS discipline. According to the analysis of changes in the quantities of relevant articles over time and distributions of cited citations, we found that while the affordance theory is late in the field of information systems compared to psychology, design and other fields, its attention is dramatically increasing. Practical studies on affordances are on the rise, and the focus of research has gradually shifted from affordance itself to the influences and significance of IT artifacts to organizations and social actor intertwining.
We draw on the theoretical framework of affordances in IS discipline from We think that the definition of affordances in IS from Strong et al. is perfectly consistent with our review that affordances are "the potential for behaviors associated with achieving an immediate concrete outcome and arising from the relation between an artifact and a goal-oriented actor or actors" [19] . From the Properties of objects are important but insufficient to explain the use and effects of objects. Properties of objects can provide affordances-related information, but affordances are not the properties of the objects.
Describing IT artifacts using two relational concepts, i.e. functional affordances and symbolic expressions [3] .
 
Leonardi (2011) Single case analysis
Technologies afford supporting or constraining during the process of achieving organizational goals. Based on the imbrications of human and material agencies, members in organizations make decisions of changing routines and technologies when they cannot achieve their goals [6] .

Goh (2011) Single case analysis
The affordances of new systems will change the procedures and routines of organizations. Affordances evolve through actors' behavior [25] . Studying the socialized affordances of social media and adopting the perspective of affordances-for-practice based on the theory of collective action [9] .   Journal of Service Science and Management definition and our review, we can reach the following conclusions: First, affordances are potentials for action. They are there, existing independent of people's perception or actualization; Second, affordances are relational. They are not "exclusively properties of people or of artifacts" [16] , but rather embedded in relationships between users (i.e. actors) and the physical properties of objects (i.e.
artifacts) with which they interact; Third, the perception or actualization of affordances depend on actors' goals and intentions. People are always inclined to actualize the potentials that are helpful to achieve their goals. In that sense, affordances include both the properties of enabling and constraining in that it will enable actions that are in line with the goals while constraining actions that are inconsistent with the goals.
In order to successfully apply the theory of affordances to IS discipline and explain IT uses and consequences, researchers must address two theoretical gaps: First, compared to the perception of affordances, researchers should pay more attention to the process of affordances actualization. More importantly, it is the factors (such as organizational structures and cultures) or difficulties (such as limited abilities and objections from members) they may encounter during the process that should receive attention rather than the process itself; Second, further attention on actualization process is needed at an organizational level.
Several studies [29] show organizations manifest properties different from those of the sum of its groups or individuals. So organizational actualization of affordances should not been considered as just the sum of actors' actions.
Overall, the connotation of affordances has been greatly refined and expanded from applying the theory to IS/IT discipline to the concept of functional affordances put forward, and there have been some achievements in organizational change and use of social media. However, through the analysis and review of existing literature, we find that most of IS/IT affordances are put forward based on the property of materiality. It is insufficient in understanding the role of technology in organizational and societal transformation [9] . Leonardi (2011) and political processes [9] . Therefore, the concept of technological affordances needs "socializing" [30] . Affordances are more importantly about "actions in the world that involve technology", shaped by the social, institutional and historical environment in which they are situated [31] . Hence, when studying the affordance theory in IS field, scholars should pay attention to the materiality as well
